SWI/SNF, an evolutionarily conserved ATP-dependent chromatin-remodeling complex, has an important role in transcriptional regulation 1 . In Saccharomyces cerevisiae, SWI/SNF regulates the expression of B6% of total genes through activation or repression 2 . Swi1, a subunit of SWI/SNF, contains an N-terminal region rich in glutamine and asparagine, a notable feature shared by all characterized yeast prions-a group of unique proteins capable of self-perpetuating changes in conformation and function 3 [6] [7] [8] [9] , and their protein determinants are Sup35, Ure2 and Rnq1, respectively. They all contain an intrinsic domain with high glutamine and asparagine content essential for prion formation and propagation (Fig. 1a) . Yeast prions can be formed and lost at a low spontaneous rate 10 . Overproduction of a prion protein considerably increases de novo formation of the corresponding prion 8, 11, 12 .
SWI/SNF, an evolutionarily conserved ATP-dependent chromatin-remodeling complex, has an important role in transcriptional regulation 1 . In Saccharomyces cerevisiae, SWI/SNF regulates the expression of B6% of total genes through activation or repression 2 . Swi1, a subunit of SWI/SNF, contains an N-terminal region rich in glutamine and asparagine, a notable feature shared by all characterized yeast prions-a group of unique proteins capable of self-perpetuating changes in conformation and function 3 . Here we provide evidence that Swi1 can become a prion, [ [6] [7] [8] [9] , and their protein determinants are Sup35, Ure2 and Rnq1, respectively. They all contain an intrinsic domain with high glutamine and asparagine content essential for prion formation and propagation (Fig. 1a) . Yeast prions can be formed and lost at a low spontaneous rate 10 . Overproduction of a prion protein considerably increases de novo formation of the corresponding prion 8, 11, 12 .
[PSI + ] induction by Sup35 overproduction requires a [PSI + ] inducible factor (Pin + ), which can be an event such as overproduction of particular glutamine-, asparagine-or glutamine and asparagine-rich proteins, or another prion [13] [14] [15] . Notably, several members of the yeast SWI/SNF complex, including Swi1 and Snf5, also contain glutamine and asparagine-rich regions 16 (Fig. 1a) , and Swi1 overproduction has been implicated as a Pin + factor 9 . SWI/SNF is an evolutionarily conserved, ATP-dependent chromatin-remodeling complex that has a regulatory role in gene expression 17 . In S. cerevisiae, the SWI/SNF complex is composed of at least 11 subunits, for a total molecular weight of B1 MDa 18 . Null mutants of SWI/SNF are viable, but show phenotypes of slow growth, reduced mating-type switching, and inability to utilize nonfermentable carbon sources, such as raffinose, galactose, glycerol and sucrose 19 . In mammals, Ini1, a Snf5 homolog, is essential for embryo viability and tumor suppression 20 . Various mutations affecting the human Ini1 or Snf2 homologs, BRM and BRG-1, are associated with many types of malignant tumors 21 . The importance of SWI/SNF function, the notable glutamine and asparagine content of some of its components, and the Pin + property of Swi1 led us to investigate whether SWI/SNF function can be subject to prion-like epigenetic regulation.
If Swi1 or Snf5 is a prion protein, it might be more likely to adopt a prion conformation when it functions as a Pin + , because prion proteins can interact with each other, and the non- [ (Fig. 1b-d) . Although the N-terminal region of Snf5 is also rich in glutamine (Fig. 1a) , overexpression of SNF5 did not function as a Pin + (Fig. 1b) . Therefore, we next focused on examining whether Swi1 is a prion protein.
If Swi1 becomes a prion (termed [SWI + ]), it might form amyloidlike structure(s), as do other identified prions 22 specifically, poor growth in raffinose medium (Raf -). Among B400 tested Ade + isolates, 32 showed the Raf -phenotype. Only two were able to grow on raffinose after 5 mM guanidine hydrochloride treatment (Fig. 2a) . This guanidine hydrochloride treatment eliminates all known yeast prions, but does not usually cause nucleic acid mutations 23 . Like SWI/SNF mutants, both candidates grew poorly in galactose (Gal -) and glycerol (Gly -) (Fig. 2b) . However, they showed only a mild defect in using sucrose (Fig. 2b) . Unlike SWI/ SNF mutants, they did not show any detectable sensitivity to 0.3 M LiCl or 1 M NaCl (Fig. 2b and data To further investigate whether the observed effect is SWI/SNF specific, we developed a blue-white visual assay using a previously described lacZ reporter construct, pLS7, whose expression requires SWI/SNF 24 . A similar visual assay was successfully applied to test the recombinant prion element NMGR 25 pLS7 appeared white on X-gal-sucrose plates but became blue after guanidine hydrochloride treatment (Fig. 2c) Fig. 3a and data not shown) . When pLS7 was introduced into these isolates, they appeared white on X-gal-sucrose plates but blue upon guanidine hydrochloride treatment. However, the isogenic [psi -][swi -] cells were blue in both conditions (Fig. 3b) (Fig. 3a and Supplementary Fig. 1 online) . [SWI + ] in the [psi -] background could be eliminated by HSP104 disruption (Fig. 3c,  Supplementary Table 1 and Supplementary Fig. 1 ) but not by Hsp104 overproduction (Fig. 3d) (Fig. 4a and Supplementary Fig. 2 Fig. 2) . In all cases, [SWI + ] diploids could be cured by guanidine hydrochloride treatment (Supplementary Fig. 2 ). Homologous diploids of SWI/SNF null mutants are deficient in sporulation 19 .
[SWI + ] diploids are also poorly sporulated. After repeated attempts, we obtained full spores of seven tetrad sets from 74D-694 [SWI + ] diploids, all of which were Raf -, showing that [SWI + ] is transmitted as a nonmendelian element (Fig. 4b and Supplementary Fig. 3 online) . We next used a kar1 mutant strain to carry out cytoduction experiments, which allow mating partners to mix their cytoplasm without nuclear material transfer 27 . [SWI + ] in both [PSI + ] and [psi -] backgrounds was successfully cytoduced from a 74D-694 strain to a c10B-H49 strain containing kar1-1. The c10B-H49 cytoductants of [SWI + ] grew poorly on raffinose, and this Raf -phenotype could be eliminated by guanidine hydrochloride treatment or HSP104 disruption ( Fig. 4c and Supplementary Fig. 4 online) (Fig. 5a) (Fig. 5b) .
We also examined the fluorescence patterns of (Fig. 5f) .
It has been shown that some nonprion aggregation-prone proteins, such as poly-Q peptides, can form aggregates in yeast 15 Cells were treated with (+) or without (-) 5 mM guanidine hydrochloride and analyzed under a fluorescence microscope. All cells were transformed with p416TEFSWI1YFP and analyzed by fluorescence microscopy assays after growth in synthetic complete medium lacking uracil to mid-log phase. 535 amino acids containing the glutamine and asparagine-rich regions (Fig. 1a) . Ectopic expression of both SWI1-C and the full-length SWI1 were able to fully complement SWI1 deletion in S288C (Fig. 6a, Supplementary Fig. 5 online) . This result demonstrates that Swi1-C is sufficient for Swi1 function. Of note, Swi1-C could suppress the Raf -phenotype of [SWI + ], whereas the full-length SWI1 could not (Fig. 6b) . Both swi1D and [SWI + ] strains restored the Raf -phenotype upon elimination of the SWI1-C and SWI1 plasmids (Fig. 6c) (Fig. 6d-f) ; however, transient loss of Snf5 production did not affect [SWI + ] propagation. The snf5D cytoducants (containing a SNF5 plasmid) showed a guanidine hydrochloridecurable Raf -phenotype, but the isogenic swi1D cytoductants (containing a SWI1 plasmid) did not (Fig. 6d) . Moreover, we observed that Swi1-YFP foci were only in snf5D cytoductants (Fig. 6e) . Among 88 examined swi1D cytoductants, none retained [SWI + ]. However, [SWI + ] existed in 7 of 13 examined snf5D cytoductants (Fig. 6f) . These results demonstrate that Swi1 is the protein determinant of [SWI + ].
We have identified a novel prion that epigenetically modifies the function of the chromatin-remodeling complex SWI/SNF. Swi1 can adopt altered and heritable conformations without SWI1 overexpression ( Supplementary Fig. 6 ], ATCC number: 4007175) was used in cytoduction. Diploids from outcrossing of 74D-694 to c10B-H49 or c10B-H49 to S288C were formed occasionally in cytoduction and partially characterized.
Yeast culture and general manipulations were done as previously described 29 . For testing SWI/SNF phenotypes, 1 mg/ml antimycin A from Streptomyces sp. (Sigma) was supplemented to media containing 2% of the following nonfermentable carbon sources: raffinose, sucrose, or galactose.
Plasmids. The SNF5 ORF was amplified by PCR using plasmid pLY14 (ref. 30) as a template. The 3.5-kb PCR product was initially cloned into p416GPD then subcloned into the BamHI and XhoI sites in p426GPD to obtain p426GDPSNF5. The SWI1 ORF was amplified by PCR from 74D-694 genomic DNA. The 4.0-kb PCR fragment was first ligated to the SpeI and XhoI sites in p416TEF then subcloned into the same sites in p426GPD to obtain p426GPDSWI1. We created plasmid p416TEFSWI1YFP by fusing the 4.0-kb SWI1 PCR product inframe to the 5¢ terminus of the YFP gene using the SpeI and SmaI sites in p416TEFYFP. To create p426GPDGFP, we cloned the 0.75-kb GFP fragment into p416TEF through NheI and SacI and then subcloned it into p426GPD through SpeI and XhoI sites. To create the SWI1-C allele, we amplified the 2.3-kb fragment of SWI1 lacking the 5¢ region encoding the first 535 amino acids from p416TEFSWI1YFP by PCR. The PCR products were ligated to p416TEF through SpeI and XhoI sites to produce the plasmid p416TEFSWI1-C. All constructs were confirmed by DNA sequencing.
The reporter plasmid pLS7 (ref. 
